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(57) Abstract: Ink compositions having modified pigments with high or low treatment levels are described. Ink compositions Swing 
>© modified pigments with high treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified pigment, wherein 
^ the modified pigment comprises at least one pigment having attached at least one organic group substituted with at least one anionic 
^ group, at least one anionizable group, or a mixture thereof, wherein the organic group is present at a treatment level of from about 4.5 
^ to about 7.5 micromoles/m 2 of the pigment used based on nitrogen surface area of the pigment Ink compositions having modified 
^ pigments with low treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified pigment, wherein the modified 

pigment comprises at least one pigment having attached at least one organic group substituted with at least one canonic group, at 
O least one catjonizable group, or a mixture thereof, wherein the organic group is present at a treatment level of from about 1 to about 4 

micromoles/m 2 of the pigment used based on nitrogen surface area of the pigment. The present invention further relates to methods 
^ for improving intercolor bleed properties of an ink, by using the above-described components in an ink. 
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TITLE 

INK COMPOSITIONS HAVING MODIFIED PIGMENTS 
WITH HIGH OR LOW TREATMENT LEVELS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

The present invention relates to ink compositions having modified pigments 
with high or low levels of organic treatment. The ink compositions exhibit improved 
intercolor bleed properties and are suitable in inkjet printing inks and in inks 
incorporating such modified pigments. 

2. Description of the Related Art. 

Inkjet printing is a non-impact process wherein droplets of ink are produced and 
deposited on a substrate such as paper, transparent film, polymer sheet, or textile 
material in response to an electronic signal. Inkjet printing systems are typically 
classified by two known types: continuous stream or drop on demand. Thermal or 
bubble jet drop-on-demand inkjet printers are useful outputs for personal computers in 
the office and in the home. 

A common problem associated with certain inkjet printing processes is that color 
can "bleed" between different color regions of the printed substrate. "Bleed" is defined 
as the migration of one ink color into a region of another ink color, particularly when 
black ink moves into a region of any other color. In general, an inkjet printer is capable 
of printing with colored ink such as magenta, cyan, yellow, and black ink. When the 
two colors are printed side by side, there is a tendency for the colors to bleed into one 
another. When color bleed occurs, the boundary between adjacent color regions 
becomes indistinct or blurred, resulting in a low resolution printed image. To produce 
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high resolution colored images using inkjet printing processes, there is a need for ink 
compositions that exhibit low or improved intercolor bleed. 

Ink compositions that are useftd in imaging applications, such as inkjet ink 

. printing systems, are well known and generally contain water-soluble dyes. Although 
dye based inks are suitable for their intended purpose, dyes have several disadvantages 
when used in inkjet inks. For instance, dyes, being water-soluble in a water/organic 
mixture may dissolve and run when exposed to moisture or water. Dye images may 

v further smear or rub off on contact with felt pen markers or upon being rubbed or 
touched by fingers. Dyes also exhibit poor stability when exposed to visible, ultraviolet 
light, or sunlight. In addition, dyes can have a problem with intercolor bleed. 

. Because of the limitations of the water-soluble dye approach, researchers have 

, worked with pigment based inks. However, while pigments are beginning to receive a 
wide degree of acceptance in inkjet ink systems, for example, there are still problems 

: associated with the performance and reliability of the composition, i.e., print properties, 
stability, and the like. 

As a result, a need remains for improved ink compositions, especially for use in 
inkjet printing processes, which overcomes the problems that are typically associated 
with current dye based and pigment systems. In addition, there is a need for improved 
ink compositions, which provide improved intercolor bleed properties and generate 
images having good print properties. 

SUMMARY OF THE INVENTION 

The present invention relates to ink compositions having modified pigments 
with high or low treatment levels. The ink compositions contain modified pigments 
with high treatment levels and at least one liquid vehicle. The modified pigment is a 
■ pigment having attached at least one organic group. The organic group is substituted 
with at least one anionic group, at least one anionizable group, or a mixture thereof. The 
organic group is present at a treatment level of from about 4.5 to about 7.5 
micromoles/m 2 of the pigment used based on nitrogen surface area of the pigment. 
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The present invention also relates to ink compositions having modified pigments 
with low treatment levels. Ink compositions having modified pigments with low 
treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified 
pigment. The modified pigment is a pigment having attached at least one organic group. 
The organic group is substituted with at least one cationic group, at least one 
cationizable group, or a mixture thereof. The organic group is present at a treatment 
level of from about 1.0 to about 4.0 micromolesW of the pigment used based on 
nitrogen surf ace area of the pigment. 

The pigment can be a carbon product, a colored pigment other than a carbon 
product, a multi-phase aggregate comprising at least one carbon phase and at least one 
silicon-containing species phase, a multi-phase aggregate containing at least one carbon 
phase and at least one metal-containing species phase, a partially silica coated carbon 
black, or mixtures thereof. 

The organic group can comprise at least one aromatic group or C r C 20 alkyl 
group, or mixtures or combinations thereof. The liquid vehicle is preferably aqueous. 

The present invention further relates to methods for improving intercolor bleed 
properties of an ink, by introducing the above-described modified pigments to the ink. 
The present invention also relates to inkjet ink compositions comprising the above- 
described ink compositions. 

Additional features and advantages of the present invention are set forth in the 
detailed description and examples that follow, or may be learned by practice of the 
present invention. These aspects and other advantages will be realized and obtained by 
the various embodiments described and pointed out in the claims. 



WO 01/10963 



PCT/US00/20940 



-4- 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention relates to ink compositions having modified pigments 
with high or low treatment levels. Ink compositions having modified pigments with 
high treatment levels contain 1) at least one liquid vehicle and 2) at least one modified 
pigment. The modified pigment is a pigment having attached at least one organic 
group. The organic group is substituted with at least one anionic group, at least one 
anionizable group, or a mixture thereof. An anionizable group means an ionizable 
group capable of forming an anion. The organic group is present' at a treatment level of 
from about 4.5 to about 7.5 micromoles/m 2 of the pigment used based on nitrogen 
surface area of the pigment. Preferably, the organic group is present at a treatment 
level of from about 5.0 to about 7.0 micromoles/m 2 of the pigment used based on 
nitrogen surface area of the pigment. 

, . . . . The pigment, as used herein, can be any pigment that can be modified with the . 
attachment of at least one organic group. Examples include, but are not limited to, a 
carbon product, a colored pigment other than a carbon product, a multi-phase aggregate 
comprising at least one carbon phase and at least one silicon-containing species phase, a 
multi-phase aggregate containing at least one carbon phase and at least one metal- 
containing species phase, a partially silica coated carbon black, or mixtures thereof. 

Carbon, as used herein, may be of the crystalline or amorphous type. Examples 
include, but are not limited to, graphite, carbon black, carbon fiber, vitreous carbon, 
activated charcoal, or activated carbon. Finely divided forms of the above are preferred. 
Also, it is possible to utilize mixtures of different colored pigments, mixtures of 
different carbon blacks, or combinations thereof. 

Colored pigments, as used herein, include but are not limited to, colored 
pigments such as blue, brown, cyan, green, violet, magenta, red, yellow, as well as 
- mixtures thereof. Suitable classes of color pigments include, for example, 
anthraquinones, phthalocyanine blues, phthalocyanine greens, diazos, monoazos, 
pyranthrones, perylenes, heterocyclic yellows, quinacridones, and (thio)indigoids. Such 
pigments are commercially available in either powder or press cake form from a 
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number of sources including, BASF Corporation, Engelhard Corporation and Sun 
Chemical Corporation. Examples of other suitable colored pigments are described in 
the Colour Index, 3rd edition (The Society of Dyers and Colourists, 1982). 
Representative examples of black pigments include various carbon blacks (Pigment 
Black 7) such as channel blacks, furnace blacks and lamp blacks, and include, for 
example, carbon blacks sold under the Regal®, Black Pearls®, Elftex®, Monarch®, 
Mogul®, and Vulcan® trademarks available from Cabot Corporation (such as Black 
Pearls® 2000, Black Pearls® 1400, Black Pearls® 1300, Black Pearls® 1100, Black 
Pearls® 1000, Black Pearls® 900, Black Pearls® 880, Black Pearls® 800, Black 
Pearls® 700, Black Pearls® L, Elftex® 8, Monarch® 1400, Monarch® 1300, 
Monarch® 1100, Monarch® 1000, Monarch® 900, Monarch® 880, Monarch® 800, 
Monarch® 700, Mogul® L, Regal® 330, Regal® 400, Vulcan® P). Other suitable 
carbon blacks include, but are not limited to, Printex 40, Printex 80, Printex 300, 
Printex L, Printex U, Printex V, Special Black 4, Special Black 5, FW200, (the 
foregoing available from Degussa Corporation), Raven 780, Raven 890, Raven 1020, 
Raven 1040, Raven 1255, Raven 1500, Raven 5000, Raven 5250 (the foregoing 
available from Columbian Chemical Corporation) and MAI 00 and MA440 available 
from Mitsubishi Chemical Corporation. 

The multi-phase aggregate containing at least one carbon phase and at least one 
silicon-containing species phase can also be considered a silicon-treated carbon black 
aggregate and the multi-phase aggregate containing at least one carbon phase and at 
least one metal-containing species phase can also be considered to be metal-treated 
carbon black aggregate as long as one realizes that in either case, the silicon-containing 
species and/or metal-containing species are a phase of the aggregate just like the carbon 
phase. 

The metal-treated carbon blacks are aggregates containing at least one carbon 
phase and at least one metal-containing species phase. The metal-containing species 
include compounds containing aluminum, zinc, magnesium, calcium, titanium, 
vanadium, cobalt, nickel, zirconium, tin, antimony, chromium, neodymium, lead, 
tellurium, barium, cesium, iron, and molybdenum. Preferably, the metal-containing 
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species phase is an aluminum- or zinc-containing species phase. The metal- 
containing species phase(s) can be distributed through at least a portion of the 
aggregate and is an intrinsic part of the aggregate. 

The details of making the multi -phase aggregates are explained in U.S. Patent 
Nos. 5,904,762, 5,877,238, 5,869,550, 5,749,950, 6,017,980, and 6,057,387 and in 
PCT Publication No. WO 96/37547, the disclosures of which are herein incorporated 
in their entireties by reference. 

A partially silica coated carbon product can also be used as the pigment, such 
as that described in PCT Publication No. WO 96/37547, published November 28, 
1996, which is hereby incorporated in its entirety herein by reference. 

The pigment can have any particle size suitable for use in inks and/or coatings. 
A higher surface area is preferred, such as about 200 m 2 /g or higher, and a low DBP 
is also preferred, such as from about 60 to about 100. 

... The modified pigment is a pigment having attached at least one organic group.- 

The organic group can be at least one aromatic group and/or C r C 2 o alkyl group and can 
be directly attached to the pigment. The aromatic group includes, but is not limited to, 
unsaturated cyclic hydrocarbons containing one or more rings. The aromatic group 
may be substituted or unsubstituted. Aromatic groups include, but are not limited to, 
aryl groups (for example, phenyl, naphthyl, anthracenyl, and the like), and heteroaryl 
groups (imidazolyl, pyrazolyl, pyridinyl, thienyl, thiazolyl, furyl, triazinyl, indolyl, 
and the like). 

In another aspect of the invention, the organic group can also be an olefin 
group, a styrenic group, an acrylate group, an amide group, an ester group, or mixtures 
thereof. 

Further, the organic group can be a polymeric group, such as a polyolefin 
group, a polystyrenic group, a polyamide group, a polyester group, or mixtures 
thereof. The organic group can also be an alkylene oxide. " 

Examples of organic groups are described in U.S. Patent Nos. 5,895,522, 
5,885,335, 5,803,959, 5,851,280, 5,837,045, 5,672,198, 5,571,311, 5,630,868, 
5,707,432, 5,554,739, 5,698,016, 5,713,988, and 5,803,959, in PCT Publication Nos. 
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WO 96/18688, WO 97/47697, WO 97/47699, and WO 99/51690, as well as in U.S. 
Patent Application No. 08/990,715, all incorporated herein in their entireties by 
reference. 

The liquid vehicle is preferably aqueous. Examples include, but are not 
limited to, water, water-soluble organic solvents, other organic solvents, and the like. 

Anionizable functional groups forming anions include, for example, acidic 
groups or salts of acidic groups. The organic group, therefore, can include groups 
derived from organic acids. Preferably, when the organic group contains an ionizable 
group forming an anion, the organic group has a) an aromatic group or C r C 20 alkyl 
group and b) at least one acidic group having a pKa of less than 1 1, or at least one salt of 
a acidic group having a pKa of less than 11, or a mixture of at least one acidic group 
having a pKa of less than 1 1 and at least one salt of an acidic group having a pKa of less 
than 1 1. The pKa of the acidic group refers to the pKa of the organic group as a whole, 
not just the acidic substituent. More preferably, the pKa is less than 10 and most 
preferably less than 9. The aromatic group may be further substituted or unsubstituted, 
for example, with alkyl groups. More preferably, the organic group is a phenyl or a 
naphthyl group and the acidic group is a sulfonic acid group, a sulfuric acid group, a 
phosphonic acid group, or a carboxylic acid group. The naphthyl group may be mono- 
substituted with an acidic group on either ring. The naphthyl group may also be 
substituted with two or more acidic groups, with the acidic groups on the same or 
different rings. Examples of ionic or ionizable groups include -COOH, -S0 3 H and - 
P0 3 H 2 , -S0 2 NHCOR, and their salts, for example, -COONa, -COOK, -COOTsfR/, - 
S0 3 Na, -SOa^NR/, and P0 3 Na 2 , where R is a saturated or unsaturated alkyl or phenyl 
group. Particularly preferred ionic or ionizable substituents are -COOH and -S0 3 H and 
their sodium and potassium salts. 

The modified pigment may be prepared preferably by reacting a pigment, such 
_as carbon black, with a diazonium.salt in a liquid reaction medium to attach at least one 
organic group to the surface of the pigment. The diazonium salt may contain the 
organic group to be attached to the pigment. A diazonium salt is an organic compound 
having one or more diazonium groups. Preferred reaction media include water, any 
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medium containing water, and any medium containing alcohol. Water is the most 
preferred medium. Examples of modified carbon products, wherein the carbon is carbon 
black, and various preferred methods for their preparation are described in U.S. Patent 
No. 5,851,280 entitled "Reaction of Carbon Black with Diazonium Salts, Resulting 
Carbon Black," incorporated herein by reference in its entirety. Examples of modified 
carbon products, wherein the carbon is not carbon black, and various preferred methods 
for their preparation are described in U.S. Patent No. 5,554,739, 5,837,045, WO 
96/18696 and WO 96/18688, incorporated herein by reference in their entirety. The 
pigments other than carbon products can be prepared in a similar manner. 

The amount of organic group attached to the pigment is an important factor for 
purposes of the subsequent use of the modified pigment and such applications as inkjet 
ink compositions, coating formulations, and ink systems. In particular, for ink 
compositions containing the anionic or anionizable groups in the pigment, the treatment 
levels should be of a high -level especially- if -excellent resistance to intercolor bleed is 
desired. In other words, the treatment levels of organic groups may be from about 4.5 to 
about 7.5 micromoles/m 2 of the pigment used, more preferably from about 5.0 to about 
7.0 micromoles/m 2 of the pigment used, based on nitrogen surface area of the pigment. 
The treatment level refers to the amount of organic group that is reacted in the presence 
of the pigment. The amount attached will typically be a percentage of this level 
depending on such factors as pigment, type of organic group and processing conditions. 
The optimum treatment level is a balance between properties such as optical density, 
waterfastness, and intercolor bleed. Treatment levels that provide higher optical density 
and better waterfastness tend to compromise intercolor bleed. Thus, there is a need to 
find the right balance of these properties which is accomplished by the present 
invention. 

The results obtained by the present invention are surprising and unexpected 
since high treatment levels are suitable for use in inks when the organic group is anionic 
or anionizable, but the same is not true for inks containing cationic or cationizable 
groups on the pigment. 
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In general, the ink compositions of the present invention may be prepared 
utilizing conventional techniques know to those skilled in the art, such as combining or 
mixing the desired components in a suitable medium. Typically, the ink compositions 
are aqueous systems and include therein a significant amount of water, preferably 

; deionized or distilled water. For example, the amount of water or similar medium is 
generally present in an amount ranging from about 60% to about 95%, preferably from 
about 75% to about 90%, based on the weight of the ink composition. Suitable 
additives are generally incorporated into the ink compositions to impart a number of 

; desired properties while maintaining the stability of the compositions. Such additives 
are well known in the art and include humectants, biocides, binders, drying accelerators, 
penetrants, surfactants, and the like. For example, a humectant may be added to reduce 

Jhe rate of evaporation of water in the ink to minimize print head nozzle clogging. If the 
ink begins to dry out, the humectant concentration increases and evaporation is 
decreased further. Humectants may also affect other properties of the ink and prints 
made therefrom, such as viscosity, pH, surface tension, optical density, and print quality. 
Such humectants typically include ethylene glycol, propylene glycol, diethylene 
glycols, glycerine, dipropylene glycols, polyethylene glycols, polypropylene glycols, 
alkane diols, amides, ethers, carboxylic acids, esters, alcohols, organsulfides, 
organosulfoxides, sulfones, alcohol derivatives, 2-pyrrolidone, ether derivatives, amino 
alcohols, and ketones. The amount of a particular additive will vary depending on a 
variety of factors including the molecular weight of the polymers, the viscosity, the 
amount added, as well as the nature of the polymers, the nature of any organic groups 
attached to the pigment, e.g., modified carbon black products. 

The present invention also relates to a method for improving intercolor bleed 
properties of an ink, by introducing at least one modified pigment to the ink, wherein 
the modified pigment is described above using the treatment levels described earlier. 

The present invention further relates to ink compositions having modified" 
pigments with low treatment levels. Ink compositions having modified pigments with 
low treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified 
pigment. The modified pigment is a pigment having attached at least one organic 



WO 01/10963 



PCT/US00720940 



-10- 

group. The organic group is substituted with at least one cationic group, at least one 
cationizable group, or a mixture thereof. The organic group is present at a treatment 
level of from about 1.0 to about 4.0 micromoles/m 2 of the pigment used based on 
nitrogen surface area of the pigment. Preferably, the organic group is present at a 
treatment level of from about 2 to about 3 micromoles/m 2 of the pigment used based 
on nitrogen surface area of the pigment. As with the anionic or anionizable organic 
groups described above, the treatment level again refers to the amount of organic group 
that is reacted in the presence of the pigment. Similarly, the amount attached will 
typically be a percentage of this level depending on such factors as pigment, type of 
organic group and processing conditions. In addition, the optimum treatment level is a 
balance between properties such as optical density, waterfastness and intercolor bleed. 

For purposes of this embodiment, the amount of organic group attached to the 
pigment can be important factor for purposes of the subsequent use of the modified 
pigment and such ^phcatio^ fonnulations, and ink 

systems. In particular, for cationic ink compositions the levels should be of a low level 
as described above. 

The results obtained by the present invention are surprising and unexpected 
since low treatment levels are suitable for inks containing modified pigments with 
cationic groups, but not inks containing modified pigments with anionic groups. Thus, 
in certain situations, attaching low levels of organic groups to modified pigments results 
in better properties. 

A cationizable group is an ionizable group that is capable of forming a cation in 
the medium of use. Amines represent examples of cationizable groups that form cations 
and cationic groups and can be attached to the same organic groups as discussed above 
for the anionizable groups that form anions. For example, amines may be protonated to 
form ammonium groups in acidic media. Preferably, an organic group having an amine 
substituent, wherein the amine substituent has a pKb of less than 5. 

Quaternary ammonium groups (-NR 3 + ) and quaternary phosphonium groups (- 
PR.3*) also represent examples of cationic groups and can be attached to the same 
organic groups as discussed above for anionizable groups that form anions. Preferably, 
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the organic group contains an aromatic group such as phenyl or naphthyl group and a 
quaternary ammonium or a quaternary phosphonium group. Quaternized cyclic amines, 
and quaternized aromatic amines, can also be used as the organic group. 

The inkjet ink compositions have improved intercolor bleed properties compared 
to dye based inkjet inks. For instance, the inkjet ink compositions of the present 
invention can have an average intercolor bleed of good to excellent. 

In general, the ink compositions of the present invention may be prepared 
utilizing the same conventional techniques as described earlier. These techniques 
include, but are not limited to, combining or mixing the desired components in a 
suitable medium. . . 

. The present invention further relates to a method for improving intercolor bleed 
.properties of an ink, comprising introducing 1) at least one liquid vehicle and 2) at 
least one modified pigment to an ink, wherein the modified pigment comprises at least 
- one~pigment having attached at least one organic group substituted -with at least one 
cationic group, at least one cationizable group, or a mixture thereof, wherein said 
organic group is present at treatment levels described earlier. 

The modified pigments of the present invention are also useful in aqueous ink 
and coating formulations. Aqueous includes mixtures of water and other water-miscible 
or - dispersible substances, such as an alcohol. Thus, the invention provides an aqueous 
ink composition comprising water and a modified pigment according to the invention. 
Other known aqueous ink additives may be incorporated into the aqueous ink 
formulation. As stated previously, an ink may consist of the various components 
described above. Various aqueous ink compositions are also disclosed, for example, in 
United States Patent Nos. 2,833,736; 3,607,813; 4,104,833; 4,308,061; 4,770,706; and 
5,026,755, all incorporated herein by reference. 

As stated earlier, modified pigments of the present invention are particularly 
useful in inkjet ink formulations. The additives and formulations described in U.S. 
Patent Nos. 5,571,31 1 and 5,630,868 can be used herein with the modified pigments of 
the present invention. 
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The modified pigments of the present invention, either as a predispersion or as a 
solid, can be incorporated into an aqueous ink formulation using standard techniques. 

Flexographic inks represent a group of ink compositions. Flexographic inks 
generally include a colorant, a binder, and a non-aqueous or aqueous solvent. The 
modified pigments of the invention may be useful as flexographic ink colorants. The 
modified pigments of the invention may be used in aqueous news inks. For example, an 
aqueous news ink composition may comprise water, the modified pigments of the 
invention, a resin and conventional additives such as antifoam additives or a surfactant. 

As stated earlier, the modified pigments of this invention may also be used in 
aqueous coating compositions such as paints or finishes. Thus, an embodiment of the 
invention is an aqueous coating composition comprising water, resin and at least one 
modified pigment according to the invention. Other known aqueous coating additives 
may be incorporated into the aqueous coating composition. See , for example, McGraw- 
Hill -Encyclopedia of~~Seience -& Technology,- 5th Ed.- (McGraw-Hill, 1982), 
incorporated herein by reference. See also United States Patent Nos. 5,051,464, 
5,319,044, 5,204,404, 5,051,464, 4,692,481, 5,356,973, 5,314,945, 5,266,406, and 
5,266,361, all incorporated herein by reference. The aqueous compositions of the 
present invention may also comprise additional other coloring pigments (e.g. Ti0 2 , 
phthalo blue and the like), clays, talc, silicas, and carbonates. The modified pigments of 
the invention, either as a predispersion or as a solid, can be incorporated into an aqueous 
coating composition using standard techniques. 

Also, the modified pigments of the present invention can be used in ink jet inks 
where the ink formulation may be based on solvents, aqueous media, or an aqueous 
emulsion. 

To control intercolor bleed and optimize pigment and ink performance, the 
proper level and type of treatment needs to be selected. In the examples given, a 
relatively higher level of anionically modified pigment or a relatively lower level of 
cationically modified pigment achieved the desired level of performance. The following 
examples are intended to further illustrate, not to limit, the claimed invention. 
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EXAMPLES 



Example 1 

Inkjet inks were made using surface modified carbon blacks that are ionically 
stabilized in water. The group attached to the carbon black surface was a carboxylic 
acid salt with an ammonium counterion. These blacks were prepared following a 
procedure similar to that described in U.S. Patent No. 5,630,868. The formula 
consisted of 3% pigment solids, 7.5% ethylene glycol, 7.5% glycerol, 4% 
isopropanol, and the remainder deionized water, all by wt% of formulation. . The inks 
were then filled in to a cleaned inkjet cartridge (BJC-21) and printed on NSK paper 
- using a Canon BJC 4200 printer. The pattern used for the print testing contained on 
the left side 3 boxes of black text at varying font sizes in each of the three primary 
colors, cyan, magenta, and yellow and on the right 3 boxes of colored text in black 
boxes. These prints were visually assessed for intercolor bleed using a 10X 
magnification loop. The morphology of the carbon blacks used in the modification, 
the treatment level, and the indirect measure of modification (as measured by 
counterion concentration) are included in Table 1 . 



TABLE 1 



Sample 
Number 


Carbon Black Morphology 


Treatment 
Level 


Counterion 




Nitrogen Surface 
Area (m 2 /g) 


Dibutyl 
Phthalate 
Absorption 
(cc/100e) 


micromol/m 2 


ppm 


1 A 


210 


74 


4.0 


4996 


1 B 


210 


74 


6.4 


8258 


2 A 


200 


95 


4.0 


5129 


2B 


200 


95 


5.2 


6585 


2C 


200 


95 


6.4 


6907 


3 A 


220 


112 


4.0 


6369 


3B 


220 


112 


6.4 


7233 


4 A 


240 


65 


4.0 


6610 


4B 


240 


65 


6.6 


9106 
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The results (see Table 2) indicate that the treatment level of the surface 
modified pigments impacts the resultant intercolor bleed properties of an ink when 
printed. It can be concluded from these results that a higher treatment level positively 
influences the intercolor bleed properties of an ink formulated with an anionically 
stabilized surface modified pigment dispersion. A lesser effect was also observed 
where the morphology of the surface modified carbon black contributes to intercolor 
bleed. As the surface area increases and the dibutyl phthalate absorption decreases a 
slight improvement in the ink's intercolor bleed properties were noted. However, it 
was noted that with an improvement in intercolor bleed, a corresponding decline in 
waterfastness and to a lesser extent optical density were observed in all cases. 
~ Waterfastness and optical density results were within acceptable limits and these 
formulas should be considered viable and useful. 



TABLE 2 



Sample 
Number 


Average 
Particle Size 
(microns) 


Optical 
Density 


Waterfastness 


Intercolor Bleed 


1A 


0.076 


1.26 


5 min 


fair 


IB 


0.074 


1.24 


10 min 


good 


2A 


0.096 


1.37 


5 min 


fair 


2B 


0.108 


1.34 


5 min 


good 


2C 


0.084 


1.34 


1 0 min 


Good to very good 


3A 


0.101 


1.43 


10 min 


fair 


3B 


0.094 


1.35 


lhr 


good 


4A 


0.066 


1.21 


5 min 


fair 


4B 


0.065 


1.20 


>lhr 


Very good 



Example 2 



Inkjet inks were made using surface modified furnace carbon blacks that were 
cationically stabilized in water. The group attached to the carbon black surface was a 
pyridinium quaternary amine salt with nitrate counterion. These blacks were prepared 
following a procedure similar to that described in U.S. Patent No. 5,630,868. The 
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formula consisted of 5% pigment solids, 7.0% glycerol, 5.0% diethylene glycol, 7% 
trimethanol propane and the remainder deionized water (all by wt% of formulation). 
The inks were then filled in to a cleaned inkjet cartridge (BJC-21) and printed on 
Xerox 4024 paper using a Canon BJC 4200 printer. The pattern used for the print 
testing contained on the left side 3 boxes of black text at varying font sizes in each of 
the three primary colors, cyan, magenta, and yellow and on the right 3 boxes of 
colored text in black boxes. These prints were visually assessed for intercolor bleed 
using a 1 OX magnification loop. The morphology of the carbon blacks used in the 
modification, the treatment levels, and the indirect measure of modification (as 
measured by counterion concentration) are included in Table 3. 



TABLE 3 



Sample 
Number 


Carbon Black Morphology 


Treatment 
. ... Level . ... 


Counterion 




Nitrogen Surface 
Area (nr/g) 


Dibutyl 
Phthalate 
Absorption 
(cc/lOOg) 


micromol/m 2 


ppm 


6A 


200 


117 


2.2 


14,392 


6B 


200 


117 


2.5 


17,100 


6C 


200 


117 


3.0 


21,953 


6D 


200 


117 


5.0 


23,732 


6E 


200 


117 


7.5 


27,997 



These results indicate (see Table 4) that the treatment level of the surface 
modified pigments impact the resultant intercolor bleed properties of an ink when 
printed. It can be concluded from these results that a lower treatment level positively 
influences the intercolor bleed properties of an ink formulated with a cationically 
surface modified pigment dispersion. From these results, an optimum level of 3.0 
micromol/m 2 was noted. However, at the optimum treatment level for intercolor 
bleed, a corresponding decline in waterfastness and optical density were observed 
when compared to the lower treatment levels. Waterfastness and optical density 
results were within acceptable limits for the optimal intercolor bleed and should be 
considered viable and useful. 



WO 01/10963 



PCT/USOO/20940 



- 16- 



TABLE4 



Sample 
Number 


Average Particle 
Size (microns) 


Optical 
Density 


Waterfastness 


Intercolor Bleed 


6A 


0.135 


1.49 


5 min 


fair 


6B 


0.139 


1.47 


5 min 


fair 


6C 


0.235 


1.40 


1 hr 


good 


6D 


0.139 


1.35 


> 1 hr 


poor 


6E 


0.144 


1.41 


> 1 hr 


poor 



Example 3 



. , Inkjet inks were made using surface modified channel-like carbon blacks that 
were ionically stabilized in water. The volatile content of the carbon black used in 
this example was significantly higher than the carbon blacks outlined in the previous 
examples (14.5% vs. <1.0%). The group attached to the carbon black surface was a 

.carboxylic acid salt with a sodium counterion. These blacks were prepared following 
a procedure similar to that described in U.S. Patent No. 5,360,868. The formula 
consisted of 4% pigment solids, 10.0% 1,4-butanediol, 10.0% 2-pyrrolidinone, 4% 
isopropanol and the remainder deionized water, all by weight of the formulation. The 
inks were then filled in to a cleaned inkjet cartridge (12A1970) and printed on 
Hammermill DP Fore paper using a Lexmark Color Jetprinter Series 7000 printer. 
The pattern used for the print testing contained small boxes of black text in each of the 
three primary colors, cyan, magenta, and yellow and small boxes of colored text in 
black boxes. These prints were visually assessed for intercolor bleed using a 10X 
magnification loop. The morphology of the carbon blacks used in the modification, 
the treatment levels, and the indirect measure of modification (as measured by 
counterion concentration) are included in Table 5. 
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TABLE5 



Sample 
Number 


Carbon Black Morphology 


Treatment 
Level 


Counterion 




Nitrogen Surface 
Area (m 2 /g) 


Dibutyl 
Phthalate 
Absorption 
(cc/lOOg) 


micromol/m 2 


ppm 


7A 


180 


110 


2.7 


7,301 


7B 


180 


110 


4.0 


11,871 


7C 


180. 


110 


7.5 


11,250 



These results (see Table 6) indicate that the treatment level of the surface 
modified pigments impact the resultant intercolor bleed properties of an ink, when 
printed. It can be concluded from these results that a higher treatment level positively 
influences the intercolor bleed properties of an ink formulated with an anionically 
stabilized, channel-like surface modified carbon black pigment dispersion. However, 
it was noted that with an improvement in intercolor bleed, a corresponding decline in 
waterfastness was observed in all cases. Waterfastness results were within acceptable 
limits and these formulas should be considered viable and useful. In comparing 
sample 7B and 7C, it was also observed that with a given carbon product, it was 
possible to maximize the level of attached groups. 



TABLE 6 



Sample 
Number 


Average Particle 
Size (microns) 


Optical 
Density 


Waterfastness 


Intercolor 
Bleed 


7A 


0.159 


1.46 


5 min 


fair 


7B 


0.154 


1.46 


10 min 


good 


7C 


0.155 


1.47 


lhr 


good 



Other embodiments of the present invention will be apparent to those skilled in 
the art from consideration of the specification, examples and practice of the invention 
disclosed herein. It is intended that the specification be considered as exemplary only, 
with a true scope and spirit of the invention being indicated by the following claims. 



What we claim is! 
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1. An ink composition comprising 1) at least one liquid vehicle and 2) at least 
one modified pigment, wherein said modified pigment comprises at least one pigment 
having attached at least one organic group substituted with at least one anionic group, 
at least one anionizable group, or a mixture thereof, wherein said organic group is 
present at a treatment level of from about 4.5 to about 7.5 micromoles/m 2 of the 
pigment used based on nitrogen surface area of the pigment. 

2. The ink composition of claim 1, wherein the organic group is present at a 
treatment level of from about 5.0 to about 7.0 micromoles/m 2 of the pigment used 
based on nitrogen surface area of the pigment. 

3. The ink composition of claim 2, wherein ^ present at a 
treatment level of from about 5.5 to about 6.5 micromoles/m 2 of the pigment used 
based on nitrogen surface area of the pigment. 

4. An ink composition comprising 1) at least one liquid vehicle and 2) at least 
one modified pigment, wherein said modified pigment comprises at least one pigment 
having attached at least one organic group substituted with at least one cationic group, 
at least one cationizable group, or a mixture thereof, wherein said organic group is 
present at a treatment level of from about 1 to about 4 micromoles/m 2 of the pigment 
used based on nitrogen surface area of the pigment. 

5. The ink composition of claim 4, wherein the organic group is present at a 
treatment level of from about 2 to about 3 micromoles/m 2 of the pigment used based 
on nitrogen surface area of the pigment. 

6. The ink composition of claims 1-5, wherein said pigment is a carbon product, a 
colored pigment other than a carbon product, a multi-phase aggregate comprising at 
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least one carbon phase and at least one silicon-containing species phase, a multi-phase 
aggregate comprising at least one carbon phase and at least one metal-containing species 
phase, a partially silica coated carbon black, or mixtures thereof. 

7. The ink composition of claims 1-5, wherein said organic group comprises at 
least one aromatic group or C,-C 20 alkyl group. 

MS 

8. The ink composition of claim 7, wherein said at least one aromatic group or C,- 
C 20 alkyl group is directly attached to the pigment. 

9. The ink composition of claims 1-5, wherein said organic group is a polymeric 
group. 

.10. _ The ink composition of claims 1-5, wherein said organic group is an alkylene 
oxide. 

1 1 . The ink composition of claims 1-5, wherein said carbon product is carbon black. 

12. The ink composition of claims 1-5, wherein said pigment is a colored pigment. 

13. The ink composition of claims 1-5, wherein the liquid vehicle is aqueous. 

14. The ink composition of claims 1-5, wherein said ink composition is an inkjet 
ink composition. 

15. A method for improving intercolor bleed properties of an ink, comprising 
introducing 1) at least one liquid vehicle and 2) at least one modified pigment to an 
ink formulation, wherein said modified pigment comprises at least one pigment 
having attached at least one organic group substituted with at least one anionic group, 
at least one anionizable group, or a mixture thereof, wherein said organic group is 



WO 01/10963 



PCT/USOO/20940 



-20- 

present at a treatment level of from about 4.5 to about 7.5 micromoles/m 2 of the 
pigment used based on nitrogen surface area of the pigment. 

16. The method of claim 15, wherein the organic group is present at a treatment 
level of from about 5.0 to about 7.0 micromoles/m 2 of the pigment used based on 
nitrogen surface area of the pigment. 

17. The method of claim 16, wherein the organic group is present at a treatment 
level of from about 5.5 to about 6.5 micromoles/m 2 of the pigment used based on 
nitrogen surface area of the pigment. 

18. A method for improving intercolor bleed properties of an ink, comprising 
introducing 1) at least one liquid vehicle and 2) at least one modified pigment to said 
ink, wherein said modified pigment comprises, at least one pigment haying attached at 
least one organic group substituted with at least one cationic group, at least one 
cationizable group, or a mixture thereof, wherein said organic group is present at a 
treatment level of from about 1 to about 4 micromoles/m 2 of the pigment used based 
on nitrogen surface area of the pigment. 

19. The method of claim 18, wherein the organic group is present at a treatment 
level of from about 2 to about 3 micromoles/m 2 of the pigment used based on nitrogen 
surface area of the pigment. 

20. The method of claims 15-19, wherein said pigment is a carbon product, a 
colored pigment other than a carbon product, a multi-phase aggregate comprising at 
least one carbon phase and at least one silicon-containing species phase, a multi-phase 

„ . . aggregate comprising at least one carbon phase and at least one metal-containing species 
phase, a partially silica coated carbon black, or mixtures thereof. 
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2L The method of claims 15-19, wherein said organic group comprises at least one 
aromatic group or CrC 20 alkyl group. 

22. The method of claim 21, wherein said at least one aromatic group or C r C 20 alkyl 
group is directly attached to the pigment. 

23. The method of claims 15-19, wherein said organic group is a polymeric group. 

24. The method of claims 15-19, wherein said organic group is an alkylene oxide. 

25 . The method of claims 15-19, wherein said carbon product is carbon black. 

26. The method of claims 15-19, wherein said pigment is a colored pigment 

27. The method of claims 15-19, wherein the liquid vehicle is aqueous. 

28. The method of claims 15-19, wherein said ink formulation is an inkjet ink 
formulation. 
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